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(54) nscharge lamp operaHns apparatus and method 



(57) An apparatus for operating a intensity die- 
diarge lanp that mrurmz^ discharge arc curvatwe to 
form a strais^ discharge arc and thereDy eliminates 
variations in the discharge arc color caused cata- 
phoresis Is cSsdosed. The apparatus outputs a synffie- 
size wave having a wavefonn witti a fraotuency 
component of the acoustic resonance frequency to 
exdte a mode straightemng tfie discharge arc. and a 
wav^orm of a frequervy less that the aoouslic reso- 
nance frequency whereby the polarity of the waveform 
having a frequency less than the acoustic resonance 
frequency changes. The acoustic resonance freqMancy 
is delem«ned by the speed of sound in tie ctiecharge 
space, and the lengtti of the dscharge space Intersect- 
ing the discharge ara 
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O0$cripiion 

BACKGAOUND OF THE INVENTION 

1. Figid of the iiwtiriion 

The present inventoi relates to a cfischarge lanp 
operating apparatus and method for reducing the dis- 
charge arc curvature caused by harmful gravity-induced 
convection when the discharge lan^ is started horizorv 
talty (m a noi-upright positon}, and relates particuiarty 
to a discharge lanp ^>erating apparatus that IS effective 
with high intensity (fischarge (HID) lanps. 

2 Desoiption of related technoio^es 

HID lanps are wideiy used today for outdoor light- 
ing because of their high luminous ^ficacy and long 
service Me. Tbe good oolor charact er istics of metal hal- 
icSe lainps et particular have also led to their use tor 
appfacatone other than outdoor Sghling, inclucfing inte- 
rior b^mg ligtn sources for aufio^ual equqMnent 
and even motor vehicle headlights. 

. A typcat oonventional HID lamp operating appara- 
tus is desorted in the Na 10 Proceecfings of the Light 
AssooaMn of .lapan. Tokyo Branch. Ihe discharge 
lamp Qperatir^ apparatus descried in these Proceed- . 
mos enables stattfe operation and preveits dsctiarge 
arc m M enw^ ^ seH-axtincMs^ung. and lanp damage 
caused Oy me acoustic resonance ui^ue to HID lanps 
t>y sippiyvig a I9« frequency (se^ hundred hertz), 
r eoangtiar wave otfrent to the HID lamp, which Is one 
type of (>scnarge lamp. 

While this type of igniter can light and then stat^y 
drive an HID lanp m a horizontal positioa the ^ect of 
gravtty-tiduced convection causes the discharge arc to 
curve ipward m an bwed arc. 

When the discharge arc curves^ the tenperatjre 
nse m tfie top part of the discharge space incree^es. 
ttus detenoranng the quartz glass defining the cfis- 
cfiarge envelope, which is perc^ved as a loss of trans- 
parency, and shortening the service life of the lanp. 
Liiminous efficacy also drops due to a drop In the lowest 
temperature at tJtte txttom of the <Sscharge space. 

Metal halide lanps with a shorter arc i&tgth have 
been developed in recent years lor use as Sght sources 
in audio-visual equipment and motor vehide headlights, 
and shorter arc lengths require a higher mercury vapor 
pressure in the discharge space of the Gghted lamp 
Increasing the vapor pressure, fttwever. vicreases 
gravity-induced convection, thereby increasing the cur- 
vature of the discharge arc and fivther degracfing lamp 
life arvj efficacy. 

The (fecharge lanp opmting sQparatus is dis* 
dosed in ua Patent isia 5.198,727 issued to Allen et 
al. in wh^ the above problem is cKidressed. The dbove 
problem is further described below with reference to 
Rg. 14. 



As &mm in Rg. 14, a wavefonm (S^ram of the 
lanp current of a lisoharge tamp driven by tte <is* 
charge ianp operating apparatus disclosed in U.8w RErt* 
ent No 5.198.727 teadtes that curvature in tfw 

5 disdiarge arc can be reduced to ofatesn a subslantlaily 
straigtit discharge arc Isy supplying to the lamp a cuirent 
to wNch an ac wave ^ of a certain freqt«nqf has been 
superposed* litis cotain frec|uency is one that recftioes 
the effscts of gravity-lncfaiced convection in tfie dis- 

to Gf»rge iairp fSI on dc currem 51 means of acoustic 
resonance, and thus straighters the discharge arc 

Straightening tf)e discftarge arc reduces the tem- 
perature at the top of the discharge space, and thus 
fidtevlates one factor oontrlsufing to a shorter discharge 

fs lamp fife. It is therefore possdsle to achieve a long-last- 
ing discfmrge lanp arid also inivove lunvnous ^icacy 
by raising 6^e tenperature of the iowe^ temperature in 
the bottom of tie dtecharge spaca 

With a c on ventio n al (Sscharge lamp operatRng 

90 apparatusasdescrlMdalxjve, however, current always 
flows in one direction in the discftarge lanp, aixf whde 
the field str^igth of 0ie cfischarge space Changes with a 
regular period, the field always moves in one cfredion. 
The fffl (fisflribution thus becomes unbalanced, and cat- 

25 aphoresis results in inconsistent ffcoolorv^. 

An asymmetrical temperature cSstrilMition along tite 
^ectrode axs also occurs with a high temperature on 
the anode side and a tow temperature on ttte cathode 
sida As a result of this asymmetrical tenperature dstn- 

30 bution. the effect of superposing a frequency tfiat 
ttccHesanaro-sirilghteningmodetesmstfl, altlioughthe 
cuvaHtfe of the discharge arc Is sfil someefhat 
reduced. 

A (^charge lamp op&aling apparatus ^ also <£s- 
35 closed 01 tr« ^llcanrs prior US. appilcatitti Serial No. 
08/560.683 fifed Movember 20. 1995 and entitled 'DiS- 
OWIGE LAMP-LIGHTING APPAfWUS* (oone- 
sponcfing to European Patent piA4lcatlon Nnx 0713352 
piMished May 22. 1996). The inventors ol U.S api^ica- 
40 t»n Serial Na 08/560,683 are the three present Inven- 
ts ml Makoto Horiuchi and Ryijl HlgwhL 

SUMMAfW OF THE INVENTION 

45 The otnad of the present invention is therefore to 
resolve these problems bf providing a discharge temp 
Operating apparatus for operating a high ntersity (fe- 
charge lanp that minimizes discharge arc curvature to 
form a sitetantiaiy straight discfiarge arc. elinrmates 

50 variatior» In the cfischarge arc color, and avoids cata- 
phoresis. 

Tb achieve tliis d^ect. acoorcfing to the present 
invention* a cfisctiarge lamp operatirtg apparatus for 
operating a discharge lanp fiaving a glass envelope 
$5 defireng a discharge Space, Gorrprises: 

a generate for generating a first wave Sf^Hl having 
a waveform unth an acoustic resonance frequency 
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